Effects of temperature on basal and insulin-stimulated glucose transport activities in fat cells. Further support for the translocation hypothesis of insulin action.
Effects of temperature on glucose transport in fat cells were studied. In this system, the basal (no insulin) glucose transport activity was higher at approximately 25-30 degrees C than at 37 degrees C, as previously reported (Vega, F. V., and Kono, T. (1979) Arch. Biochem. Biophys. 192, 120-127). The stimulatory effect of low temperature (or the insulin-like effect) was reversible and apparently required metabolic energy for both its forward and reverse reactions. By lowering the ATP level with 2,4-dinitrophenol, one could separately determine the insulin-like stimulatory effect of low temperature and its inhibitory effect on the transport process itself. The maximum level of stimulation by low temperature was greater at 10 degrees C than at 25-30 degrees C, but the rate of stimulation was considerably slower at 10 degrees C than at 25-30 degrees C. When cells were exposed to low temperature, the glucose transport activity in the plasma membrane-rich fraction was increased, while that in the Golgi-rich fraction was decreased. The Arrhenius plot of the basal glucose transport activity determined in the presence of dinitrophenol was apparently linear from 10 to 37 degrees C and parallel to that of the plus insulin activity measured either in the presence or absence of dinitrophenyl. Insulin itself slowly stimulated the glucose transport activity at 10 degrees C. These results are consistent with the view that (a) low temperature, like insulin, induces translocation of the glucose transport activity from an intracellular storage site to the plasma membrane, (b) insulin stimulates glucose transport activity without changing its activation energy, and (c) subcellular membranes do not entirely stop their movement at a low temperature, e.g, at 10 degrees C.